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BACKGROUND OF INVENTION 



This invention pertains to semiconductor processing techniques and more particularly to 
process techniques utilizing photo-definable layers to create desired structures for semiconductor 
devices. 

The use of organic photoresist polymers as photo-defmable mask layers in 
photolithography processes for the manufacture of semiconductor devices is well known. 
Typically, organic photoresist materials are used to form temporary surfaces that are removed 
after desired patterns have been transferred to a semiconductor substrate. The steps utilized to 
transfer a pattern to the semiconductor substrate often include coating a semiconductor wafer 
with a liquid organic photoresist layer, exposing the photoresist layer to a Ught source m a 
patterned manner, developing the photoresist layer with a liquid developer solution to remove 
unwanted portions of the photoresist layer, utilizing the remaining portions of the photoresist as 
an etch mask, and removing these remaining portions of the photoresist after the etch is 
completed. 

It has been previously contemplated to utilize dry processing techniques for forming 
photo-definable layers to replace the liquid coating and developing steps used for traditional 
organic photoresists. Example materials that have been proposed for such dry processing 
techniques are organosilicon resists, such as plasma polymerized methylsilane (PPMS). 
Techniques for using PPMS as a photo-definable layer has been described in the following 
articles: Joubert et al. Journal of Vacuum Science Technology, B 12(6), pages 3909-3913 
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(Nov/Dec 1994); Weidman et ah. Applied Phys. Lett., 62(4), pages 372-374 (25 January 1993); 
Joshi et al, SPIE, Volume 1925, pages 709-720 (Jan. 1993); Joubert et al, SPIE, Volume 2195, 
pages 358-371 (1994); Weidman et al, SPIE, Volume 2438, pages 496-512 (1995). With the 
techniques disclosed, a PPMS layer is deposited through a plasma reaction and exposed to deep 
ultraviolet (DUV) light in a patterned manner to convert the exposed regions of PPMS to a 
photo-oxidized siloxane called PPMSO. Next, the non-exposed PPMS portions may be 
removed, for example with a chlorine plasma etch, leavmg the PPMSO portions as a hard mask 
layer for fiirther processmg. 



in 1 0 SUMMARY OF INVENTION 

i: ' 1 

CSS 

1^ The present mvention provides novel and advantageous process techniques for using 

|i photo-definable layers in the manufacture of semiconductor devices, mcluding the manufacture 
of dynamic random access memories (DRAMs), static RAMs (SRAMs), synchronous DRAMs 
15 (SDR^y/Is), FLASH memories, and other memory devices. In particular, the present invention 
contemplates the use of a photo-definable layer that may be converted into a msulative material 
and that may remam on a semiconductor structure as an integral component of that structure after 
the photohthography and etching process steps are completed. The mvention, therefore, may 
serve to reduce the number of processing steps ordmarily required ui a given operation due to use 
20 of the photo-defmable layer. 



In one embodiment, the present invention is a process for using a photo-definable layer in 
a negative mask scheme to manufacture a semiconductor device. This process may include 
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forming a photo-definable layer that is convertible to an insulative material, exposing selected 
portions of the photo-definable layer to electro-magnetic radiation in a negative pattern scheme 
to convert the selected portions to an insulative material, removing exposed portions of the 
photo-definable layer, and using the non-exposed portions of the photo-definable layer as a 
patterned mask for further processing steps. In a further embodiment, the present invention is a 
semiconductor device including a substrate and at least one feattire formed on the substrate by 
converting selected portions of a photo-definable layer to an insulative material through exposure 
to electro-magnetic radiation in a negative mask scheme and by using non-exposed portions of 
the photo-definable layer as a mask to form the one feature. 



In another embodiment, the present invention is a process for etching an insulative layer 
using a photo-definable layer in a negative mask scheme. This process may include forming a 
H photo-definable layer that is convertible to an insulative material, exposing selected portions of 
the photo-definable layer to electro-magnetic radiation in a negative pattern scheme to convert 
15 the selected portions to an msulative material, and removing exposed portions of the photo- 
defiffiable layer and underlying portions of an insulative layer with a single-step etch process, hi 
a fiarther embodiment, the present invention is a patterned insulative structure within a 
semiconductor device including a substrate and a patterned insulative layer formed on the 
substrate by converting selected portions of a photo-definable layer to an insulative material 
20 through exposure to electro-magnetic radiation in a negative mask scheme and by using non- 
exposed portions of the photo-definable layer as a mask to form the patterned insulative layer. 
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In another embodiment, the present invention is a process for etching an insulative layer 
followed by a conductive layer m the manufacture of a semiconductor device. This process may 
include forming an insulative layer over a conductive layer on a substrate, forming a photo- 
definable layer that is convertible to an insulative material, exposing selected portions of the 
photo-defmabie layer to electro-magnetic radiation to convert the selected portions to an 
insulative material, removing exposed portions, of the photo-definable layer and underlymg 
portions of the insulative layer with a single-step etch process to form a void within the 
insiilative layer, and removing a portion of the conductive layer within the void. In further 
embodiment, the present invention is a conductive interconnect structure within a semiconductor 
device including a substrate, a first conductive layer over the substrate, and an insulative layer 
over the conductive layer. This structure may further include a second conductive layer formed 
within a desired portion of the insulative layer to create a conductive interconnect structure 
connected to the first conductive layer. This second conductive layer may be formed by 
converting selected portions of a photo-definable layer to an insulative material through exposure 
to electro-magnetic radiation in a negative mask scheme, by using non-exposed portions of the 
photo-definable layer as a mask to form a pattern within the insulative layer, and by using non- 
exposed portions of the photo-defmable layer as a sacrificial mask in etching the second 
conductive layer. 

In yet another embodiment, the present invention is a process for using a photo-definable 
layer to underlie an organic photoresist layer during the manufacture of an mtegrated circuit 
structure is provided. This process may include forming a photo-defmable layer that is 
convertible to an insulative material, creating a patterned organic photoresist layer over the 



photo-definable layer to leave munasked portions of the photo-definable layer, exposing selected 
portions of the photo-definable layer to electro-magnetic radiation to convert the selected 
portions to an insulative material, and removing exposed portions of the photo-definable layer 
and underlying portions of the insulative layer with an etch process to form a void within the 
insulative layer. In a further embodiment, the present invention is a patterned insulative structure 
including a substrate and an insulative layer on the substrate formed by covering a photo- 
definable layer with a patterned organic photoresist, by converting unmasked portions of a photo- 
defmabie layer to an insulative material through exposure to electro-magnetic radiation in a 
negative mask scheme, and by using non-exposed portions of the photo-definable layer and the 
W 1 0 organic photoresist as a mask to form a pattern within the msulative layer. 



In a still further embodiment, the present invention is a process for using a photo- 
p definable layer including forming a photo-definable layer that is convertible to an insulative 
material, exposmg selected portions of said photo-definable layer to electro-magnetic radiation in 
15 a positive pattern scheme to convert the selected portions to an insulative material, removing 
non-exposed portions of the photo-definable layer with an etch process, using the non-exposed 
portions of the photo-definable layer as a patterned mask for further processing steps, and leaving 
the exposed portions of the photo-definable layer as an insulative layer within the device. In a 
further embodiment, the present invention is a semiconductor device including a substrate and at 
20 least one feattare formed on the substrate by converting selected portions of a photo-definable 
layer to an insulative material through exposure to electro-magnetic radiation in a negative mask 
scheme, by using exposed portions of the photo-definable layer as a mask to form at least one 
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feature, and by leaving the exposed portions of the photo-definable layer on the substrate as an 
insulative layer. 

In another embodiment, the present invention is a process for forming a self-aligned 
contact during the manufacture of a semiconductor device using a photo-definable layer in a 
positive mask scheme. This process may include forming an insulative layer over a substrate 
having at least two spaced structures, forming over the insulative layer a photo-definable layer 
that is convertible to an insulative material, exposing selected portions of the photo-definable 
layer to electro-magnetic radiation in a positive pattern scheme to convert the selected portions to 
an insulative material, and removing non-exposed portions of the photo-definable layer with an 
etch process to expose selected portions of the insulative layer between the spaced structures. 
The process may also include removing the selected portions of the insulative layer to expose 
underlying portions of the substrate and depositing conductive material to form a self-aligned 
contact between the spaced structures. In a fiirther embodiment, the present invention may be a 
self-aligned contact structure within a semiconductor device formed using a photo-definable 
layer in a positive mask scheme. This structure may include a substrate, an insulative layer 
formed on the substrate, and at least one self-aligned contact formed on the substrate by 
converting selected portions of a photo-definable layer to an insulative material through exposure 
to electromagnetic radiation in a positive mask scheme and by using exposed portions of the 
photo-definable layer as a mask to form at least one self-aligned contact. 

In yet a further embodiment, the present invention is a process for using a photo- 
definable layer in a Damascene process to create a patterned structure. This process may include 



forming a photo-definable layer that is convertible to an insulative material, exposing selected 
portions of the photo-definable layer to electro-magnetic radiation to convert the selected 
portions to an insulative material, removing non-exposed portions of the photo-definable layer 
with an etch process to form a desired pattern within the exposed portions of the photo-definable 
layer, and leaving the exposed portions of the photo-definable layer on the substrate as an 
insulative layer. In a fiorther embodiment, the present invention is a conductive interconnect 
structure including a substrate, and a patterned insulative layer on the substrate formed by 
converting selected portions of a photo-definable layer to an insulative material through exposure 
to electromagnetic radiation in a positive mask scheme, by removing non-exposed portions of the 
photo-defmable layer to form a pattern within the photo-defmable layer, and by leaving the 
exposed portions of the photo-definable layer as the patterned insulative layer. Additionally, this 
structure may include a conductive layer inlaid within the patterned insulative layer. 

In another embodiment, the present invention is a process for using a photo-definable 
layer in a dual Damascene process to create a patterned structure. This process may include 
forming a first photo-definable layer that is convertible to an uasulative material and exposing 
selected portions of the first photo-defmable layer to electro-magnetic radiation to convert the 
selected portions to an insulative material to define desired contact areas. The process may also 
include forming a second photo-definable layer tiiat is convertible to an insulative material, 
exposing selected portions of the second photo-definable layer to electro-magnetic radiation to 
convert the selected portions to an insulative material to define a desired interconnect pattern, 
and removing non-exposed portions of the first and second photo-definable layers to form voids 
exposing the desired contact areas and the desired interconnect pattern. In a further embodiment, 



the present invention is a conductive interconnect structure including a substrate, a first 
conductive layer on the substrate, and a patterned insulative layer on the first conductive layer 
fonned by converting selected portions of a photo-definable layer to an insulative material 
through exposure to electro-magnetic radiation in a positive mask scheme, by removing non- 
5 exposed portions of the photo-definable layer to form a pattern within the photo-definable layer, 
and by leaving the exposed portions of the photo-definable layer as the patterned insulative layer. 
This structure may fiuther include a second conductive layer inlaid within the insulative layer 
forming contacts with selected portions of the first conductive layer. 

pis 
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5 10 BRIEF DESCRIPTION OF THE DRAWINGS 

y 

f It is to be noted that the appended drawings illustrate only particular embodiments of the 

mvention and are, therefore, not to be considered limiting of its scope, for the invention may admit 
O to othar effective embodiments. 
15 

FIGS, la-le show a sequence of structures in accordance with this invention cuhninating 
in a representative structure having a self-aligned contact. 

FIGS. 2a-2d show a sequence of structures which exemplify a process of removing a 
20 portion of an oxide layer on a substrate. 

FIGS. 3a-3d show a sequence of structures which employ a photo-definable layer mask 
which serves to transfer the pattern of a trench to an oxide layer. 
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FIGS. 4a-4e show a sequence of three-dimensional structures wherein trenches have been 
added to a base structure in a Damascene process wherein the photo-definable layer may be left 
to form an integral part of an oxide layer. 



FIGS. 5a-5e show a sequence of cross-sectional views which depict development of 
contacts and an interconnect pattern in a dual Damascene process. 



i3 FIGS 6a-6f show an alternative sequence of cross-sectional views to those shown m 

In 

jilO FIGS. 5a-5e for a dual Damascene process. 

hfe FIGS 7a-7d show a sequence of structures wherein a photo-definable layer is used along 

with a conventional photoresist as a mask in the formation of a contact through an oxide layer. 



1 5 DETAILED DESCRIPTION OF THE INVENTION 



The present disclosure provides novel and advantageous process for using a photo- 
definable layer that may be converted into a permanent insulative material in the preparation of a 
wide variety of structures in the manufacture of semiconductor devices. According to the present 
20 invention, the photo-defmable layer may be used as both a positive or a negative pattern scheme. 
Representative examples of structures which may be formed according to the present mvention 
include, but are not limited to, dielectric layers, trenches for contacts, self-aligned contacts, 
conductors, insulators, capacitors, gates, source/drain junctions, and the like, which can be used 
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in the manufacture of integrated circuits including semiconductor memory devices, such as 
dynamic random access memories (DRAMs), static RAMs (SRAMs), synchronous DRAMs 
(SDRAMs), FLASH memories, and other memory devices. 



As contemplated by the present invention, the photo-definable layer may be any material 
that is capable of being selectively converted to an insulative material, for example when 
irradiated with electromagnetic radiation, including ultra-violet (UV) radiation, deep ultraviolet 
(DUV) radiation, or X-ray radiation. A representative example of materials that may be used for 
O such photo-definable layers are organosiUcon resists, inchiding for example plasma polymerized 
W 10 methylsilane (PPMS). Such materials are described in Joubert et al. Journal of Vacuum Science 
Technology, B 12(6), pages 3909-3913 (Nov/Dec 1994); Weidman et al. Applied Phys, Lett., 

62(4), pages 372-374 (25 January 1993); Joshi et al, SPIE, Volume 1925, pages 709-720 (Jan. 

fU ' 

|i 1993); Joubert et al, SPIE, Volume 2195, pages 358-371 (1994); Weidman et al, SPIE, Volume 
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J 2438, pages 496-512 (1995). 
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Additional representative examples of materials that may be used include the polysilynes 
disclosed in U.S. Patent No. 4,921,321 and the silicon polymers disclosed in U.S. Patent No. 
5,439,780. As discussed in U.S. Patent No. 4,921,321, photo-defimable layers from polysilynes 
may be formed by spin-coating these materials onto a substrate in the presence of toluene 
20 followed by a reaction of RSiCla with a NaK alloy. As discussed in U.S. Patent No. 5,439,780, 
photo-definable layers from silicon polymers may be formed by plasma deposition of R5iH3 in a 
gas phase that forms silicon polymers having the formula R^Si Hy and containing Si - (Si)„ - Si 
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linkages. U.S. Patent No. 4,921,321 and U.S. Patent No. 5,439,780 are hereby incorporated 
herein by reference in their entirety. 



Example structures that may be formed and process steps involved are shown in FIGS. 
5 la-e, 2a-d, 3a-d, 4a-e, 5a-e,, 6a-f, and 7a-d. These examples utihze plasma polymerized 
methylsilane (PPMS) as the material with which to form the photo-definable layer. FIGS, la-e, 
4a-e, 5a-e and 6a-f depict process steps in which exposed PPMSO portions are used as a 
1^ patterned mask for further processing steps. FIGS, 2a-d, 3a-d and Va-d depict process steps in 
p which non-exposed PPMS portions are used as a patterned mask for further processing steps. 

:: : 

1^ 10 Although these examples use PPMS to fbrcn the photo-definable layer, it is understood that other 
^ photo-definable layers may be used as desired, with corresponding modifications to process steps 
depending upon the particular material chosen. 

ru 

O FIGS, la-e show process steps according to the present invention for forming self-aligned 

15 contacts, for example self-aUgned contacts between transistor gate structures in a DRAM 
memory cell array. Referring to FIG. la, structure 110 is depicted that includes a substrate 112 
upon which three transistor gate structures have been formed. Each of the three gate structures 
may include a poly silicon layer 120 foraied on top of substrate 112 and a tungsten sihcide layer 
118 formed on top of the polysilicon layer 120. Substrate 1 12 may be a silicon wafer and may 
20 include any desired additional intervening layers formed in other process steps. Insulative layer 
116 may be a silicon oxide layer fomied over the gate structures. A second insulative layer 1 14, 
for example an oxide or nitride layer, may be formed on top of the oxide layer 116. 
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A photo-dejBnable PPMS layer may be utilized to forai a self-aligned contact between the 
gate stractures. As shown m FIG. lb, a PPMS layer 122 may first be formed over the gate 
structures filling in the gaps between the gate structures. The PPMS layer 122 may then be 
irradiated with DUV radiation 136 ui the presence of oxygen as shown in FIG. Ic. A portion of 
5 the PPMS layer 122 may be masked from exposure in a negative pattern scheme (exposed 
regions are to remain) using well known photo-lithography techniques. As discussed above, the 
exposed portions 132 of the PPMS layer 122 wiU be converted to PPMSO. An etch with good 
selectivity to the PPMSO portions 132 and the underlying secondary insulative layer 114, for 

H example a chlorine or bromine based plasma etch, may then be used to remove the non-exposed 

in 10 portions 134 of PPMS layer 122, as depicted by void 137 in FIG. Id. 



The remaining PPMSO portions 132 may then be used as a hard mask for the self-aligned 
contact formation. A short oxide punch-through etch may be used to remove exposed portions of 
the secondary insulative layer 114 to expose a contact area to substrate 1 12, as shown by etched 

15 areas 138 in FIG. le. The transformation of the PPMSO portions 132 to silicon oxide may now 
be completed by ashing in oxygen at an elevated temperature, for example at a temperature 
greater than 200°C, followed by an anneal in oxygen, for example at about 400°C. Next, the 
self-aligned contacts may be formed in the etched areas between the gate structures. The contact 
layer may be polysilicon, copper, aluminum, tungsten silicide, or some other desired conductive 

20 contact material. 
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FIGS. 2a-d show process steps for using a photo-definable PPMS layer as a sacrificial 
mask layer for a sequential in situ oxide/polysilicon etch in the manufacture of an semiconductor 
device, such as a DRAM. In FIG. 2a, an integrated circuit structure 210 includes a substrate 212, 
which may include any desired intervening process layers or structures. The gate structures, 
which may be part of a DRAM memory cell array, may include a polysilicon layer 219 on top of 
which may be deposited an optional secondary conductor layer 217, such a tungsten silicide. An 
insulative layer 215 may be formed around the gate structures, for example, an sihcon oxide 
layer formed by any desired conventional method. A conductive plug 213, for example a 
polysihcon conductor, may be formed in the contact area between the two gate structures. An 
additional thicker layer of sihcon oxide 211 may be deposited above the conductive plug and 
gate structures. 

A photo-defmable PPMS layer 222 may be deposited on the oxide layer 211. The PPMS 
layer 222 may then be irradiated with DUV radiation 236 in the presence of oxygen as shown in 
FIG. 2b. A portion 232 of the PPMS layer 222 may be exposed, while other portions 234 of the 
PPMS layer 222 may be masked, in a positive pattern scheme (exposed regions are removed) 
using well known photo-hthography techniques. As discussed above, the exposed portions 232 
of the PPMS layer 222 will be converted to PPMSO. 

The photo-definable PPMS layer 222 may then be utilized as a sacrificial mask layer in a 
sequential oxide/polysilicon etch without need for removal firom the etching chamber. As shown 
in FIG. 2c, an oxide etch that has high selectivity to silicon may be used to remove the PPMSO 
portions 232 and the underlying oxide 211, as shown by void 244 in FIG. 2c. Although some of 
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the PPMS portions 234 may be removed as well, the PPMS portions 234 in effect act as a mask 
to this oxide etch. To remove a portion of the conductive plug 213, as shown in FIG. 2d, a 
polysilicon etch step may be used that has good selectivity to oxide, for example a chlorine (CL2) 
or bromine (HBr) based plasma etch. Phantom line 243 and the cross-hatching therein represents 
5 the removed portion of the conductive plug 213. This polysilicon etch step also removes, 
without need for a further strip, the remaining non-exposed PPMS portions 234, which act as a 
sacrificial layer. The remaining oxide layer 21 1 serves as a mask layer for this fmal etch step. 

Sits 

i FIGS. 3a-d show process steps for using a photo-definable PPMS layer as a masking 

£lO material for a single-step oxide dry etch in the manufacture of an integrated circuit, for example a 
DRAM. In FIG. 3a, a substrate 342 is shown having a silicon oxide layer 344 formed thereon. 
A PPMS layer 346 may be formed on top of the silicon oxide layer 344. The PPMS layer 346 
may then be irradiated with DUV radiation 345 in the presence of oxygen as shown in FIG. 3b. 
A portion 347 of the PPMS layer 346 may be exposed, while other portions 348 of the PPMS 
1 5 layer 346 may be masked, m a positive pattern scheme (exposed regions are removed) using well 
known photo-lithography techniques. As discussed above, the exposed portions 347 of the 
PPMS layer 346 will be converted to PPMSO. 

A single-step oxide etch selective to silicon may then be used to form a trench 349, as 
20 shown in FIG. 3c. During the oxide etch step, the exposed PPMSO portion 347 is removed first 
followed by the underlying portion of the oxide layer 344. Thus, the pattern formed in the PPMS 
layer is transferred through the exposed portion 347 to the oxide layer 344 in a single-step oxide 
etch. After this etch is completed, the remaining PPMS portions 348 may either be removed or 
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converted to a PPMSO layer through exposure to DUV radiation in the presence of oxygen. If 
desired, the transformation of the PPMSO layer to silicon oxide may then be accomplished by 
ashing in oxygen at an elevated temperature, for example at a temperature greater than 200*^0, 
followed by an anneal in oxygen, for example at about 400°C. The non-exposed PPMS layer 
5 thereby becomes an additional part of the oxide layer 344, as depicted in FIG. 3d, which may be 
used as an insulative or dielectric layer. 

FIGS. 4a-c show process steps for using a photo-definable PPMS layer for a Damascene 
process in the manufacture of an integrated circuit, for example a DRAM. A Damascene process 
refers to a process in which a pattern is laid within an existing layer, for example metal 
interconnects patterned within an insulative layer. In FIG. 4a, an insulative layer 452, for 
example siUcon oxide or a borophosphosilicate glass (BPSG) layer, has been covered with a 
photo-defmable PPMS layer 455. The PPMS layer 455 may then be irradiated with DUV 
radiation 451 in the presence of oxygen. As shown in FIG. 4b, portions 457 of the PPMS layer 
455 may be masked from exposure in a negative pattem scheme (exposed regions are to remain) 
using well known photo-lithography techniques. The exposed portions 456 of the PPMS layer 
455 will be converted to PPMSO, which is an oxide material as described above. 

An etch with good selectivity to silicon, for example a chlorine or bromine based plasma 
20 etch, may then be used to remove the non-exposed portions 457 of the original PPMS layer 455, 
as depicted by voids 458 in FIG. 4c. The transformation of the PPMSO portions 456 to silicon 
oxide may now be completed by ashing in oxygen at an elevated temperature, for example at a 
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temperature greater than 200^C, followed by an anneal in oxygen, for example at about 400^C. 
To complete the Damascene process, a metal layer may be deposited filling in the voids 458. 
Furthermore, the steps above may be repeated as desired for additional metal interconnect layers. 

FIGS. 5a-e show process steps for using a photo-definable PPMS layer for a dual 
Damascene process in the manufacture of an integrated circuit, for example a DRAM. A dual 
Damascene process is a process in which contacts are made to an underlying conductive layer in 
a first level, and then a pattern is laid within a second to form patterned metal mterconnects. In 
FIG. 5a, a substrate 561 has been covered with a photo-definable PPMS layer 562. The PPMS 
layer 562 may then be irradiated with DUV radiation 560 in the presence of oxygen. Portions 
563 of the PPMS layer 562 may be masked firom exposure in a negative pattern scheme (exposed 
regions are to remain) using well known photo-hthography techniques. As shown in FIG. 5b, the 
exposed portions 564 of the PPMS layer 562 will be converted to PPMSO. 

As shown in FIG. 5c, a second photo-definable PPMS layer 565 is foimed on top of the 
first PPMS layer 562. The second PPMS layer 565 may also be irradiated with DUV radiation 
560 in the presence of oxygen to convert exposed portions 566 to PPMSO. As with the first 
layer and as shown in FIG. 5d, portions 567 of the second PPMS layer 565 may be masked firom 
exposure in a negative pattern scheme using well known photo-lithography techniques. 

An etch with good selectivity to sihcon, for example a chlorine or bromine based plasma 
etch, may then be used to remove the non-exposed portions 567 of the second PPMS layer 565 
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and the non-exposed portions 563 of the first PPMS layer 562, as depicted in FIG. 5e. The 
transformation of the remaining PPMSO portions 564 and 566 to silicon oxide may be completed 
by ashing in oxygen at an elevated-temperature, for example at a temperature greater than 200°C, 
followed by an anneal in oxygen, for example at about 400°C. To complete the dual Damascene 
5 process, a metal layer may be deposited filling in the void 568 left by the removal of portions 
563 and 567. 

C3 FIGS. 6a-6f show alternative processing steps to those depicted in FIGS. 5a-5e. These 

alternative steps may be useful, for example, where there are problems with the stability of non- 
ifil 10 exposed PPMS during subsequent PPMS deposition. In FIG. 6a, a substrate 671 has been 
. covered with a photo-definable PPMS layer 672, The PPMS layer 672 may then be irradiated 

PJ with DUV radiation 670 in the presence of oxygen. Portions 673 of the PPMS layer 672 may be 
masked from exposure in a negative pattern scheme (exposed regions are to remain) using well 
^ known photo-lithography techniques. As shown in FIG. 6b, the exposed portions 674 of the 

1 5 PPMS layer 672 will be converted to PPMSO. 

In contrast to FIGS. 5a-e, the non-exposed portion 673 may be removed using an etch 
with good selectivity to silicon to create void 675 as shown in FIG. 6c. After the non-exposed 
portions are removed, a second photo-definable PPMS layer 676 may be formed on top of the 
20 furst PPMS layer 672 as shown in FIG. 6d. The second PPMS layer 676 may then be irradiated 
with DUV radiation 670 in the presence of oxygen to convert exposed portions 678 to PPMSO, 
As with the first layer and as shown in FIG. 6e, portions 677 of the second PPMS layer 676 may 
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be masked from exposure in a negative scheme using well known photo-lithography techniques. 
An etch with good selectivity to silicon, for example a chlorine or bromine based plasma etch, 
may now be used to remove the non-exposed portions 677 of the second PPMS layer 565 to 
create void 679, as depicted in FIG. 6f The transformation of the remaining PPMSO portions 
564 and 566 to silicon oxide may be completed by ashing in oxygen at an elevated temperature, 
for example at a temperature greater than 200°C, followed by an anneal in oxygen, for example 
at about 400°C. To complete the dual Damascene process, a metal layer may be deposited filling 
in the voids left by the removal of portions 674 and 678. 

FIGS. 7a-d show process steps according to the present invention for using a photo- 
definable PPMS layer as an underlying layer in conjunction with an organic photoresist in the 
formation of a contact in the manufacture of an integrated circuit, for example a DRAM. 
Referring to FIG. 7a, a substrate 782 is shown having a dielectric layer 781, for example a silicon 
oxide layer. A PPMS layer 783 may be formed on the dielectric layer 781. A patterned 
photoresist layer 784, which has been coated, exposed, and developed, may be formed on the 
PPMS layer 783. This photoresist layer 784 may be formed using standard photolithography 
techniques. The photoresist layer 784 may be a conventional organic resist and may be appUed 
using standard procedures. The underlying PPMS layer allows a thinner organic photoresist 
layer to be used. 

The exposed portion 786 of the PPMS layer 783, as well as the photoresist layer 785, 
may then be irradiated with DUV radiation 785 in the presence of oxygen as shown in FIG. 7b. 
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The exposed portion 786 of the PPMS layer 783 will be converted to PPMSO, and the 
photoresist layer 784 is simultaneously cross-linked and thereby hardened. Alternatively, the 
cross-linking of the photoresist may occur in a discrete step. Next, an oxide etch that has high 
selectivity to silicon, for example a chlorine or bromine based plasma etch, may be used to 
5 remove the exposed PPMSO portions 786 and the underlying oxide within dielectric layer 781, 
as depicted by void 787 in FIG. 7c. Any remaining photoresist may then be stripped. The 
remaining non-exposed PPMS portions 788 may then be converted to PPMSO through exposure 
13 to DUV radiation in the presence of oxygen. The conversion of the PPMSO layer to sihcon 
^ oxide may be completed by ashing in oxygen at an elevated temperature, for example at a 

in 

%10 temperature greater than 200*^0, followed by an anneal in oxygen, for example at about 400''C. 

r In the resulting structure, as shown in FIG. 7d, the PPMS layer has become an integral part of the 

fy dielectric layer 78 1 . 

; 3 !! 

The PPMS layers described above may be formed using, for example, a conventional 
15 parallel plate radio frequency (RF) plasma reactor. In such a system, methylsilane gas, 
optionally diluted with inert gas, may be introduced and deposited through a room temperature 
RF plasma polymerization. The deposition of the PPMS may be conducted at a variety of 
conditions, depending on factors such as the presence, concentration, and type of dilutant gas, the 
type and concentration of methylsilane gas, desired quantity and depth of the resulting PPMS 
20 layer, the type of substrate, appUcable flow rates, and the RF power. Generally, overall pressure 
in the deposition chamber may be in the range from about 10 mTorr to about 1,000 mTorr. 
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The PPMS may be developed by exposure to DUV radiation in the presence of oxygen to 
convert the PPMS to the oxidized form PPMSO. In addition, an oxygen plasma stripper may be 
used to convert PPMSO to a low density silicon oxide (Si02) followed by a consolidation step to 
remove residual hydrogen and form a denser oxide layer. Such oxygen plasma strips may be 
conducted in conventional equipment under standard conditions, including for example at 
temperatures of above about 200°C. ConsoUdation may be performed by a variety of 
conventional techniques, such as for example by annealing at temperatures of about 400°C. The 
conversion of the oxide-hke photo-definable layer to a silicon oxide layer allows greater process 
flexibility than traditional organic photoresists, because the resulting oxide layer may be left on 
the semiconductor substrate to perform any number of desired functions for which insulative 
layers may be utiUzed. 

The photo-defmable layer may be deposited at a variety of thicknesses. Desired thickness 
may vary depending on a number of factors including the type, duration, and severity of the wet 
or dry development step involved, and the material chosen for the photo-defmable layer, as well 
as the desired structure of the final product. Typical deposition thickness values may range firom 
about 500 Angstroms (A) to about 5000 A. 

It is noted that techniques for depositing the photo-definable layer and for 
converting the photo-defmable layer to an insulative form will likely vary depending on the 
material selected for the photo-definable layer. For example, depending upon the photo- 
definable material, a wide variety of conventional techniques may be employed, including for 
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example conventional techniques used for chemical vapor deposition, sputter coating, spin 
coating, spraying, and plasma deposition. Similarly, the conversion process will likely vary. 
While some materials may be directly converted to an insulative material through exposure to 
electromagnetic radiation alone, other materials may require temperature variations, pressure 
5 variations, catalysts, or the presence of additional reactants, including for example oxygen- 
containing materials. In addition, the particular removal step employed may vary depending on 
the particular photo-definable layer used and may include wet or dry removal techniques. 

fZ Further modifications and alternative embodiments of this invention will be apparent to 

10 those skilled in the art in view of this description. For example, the use of PPMS as the material 

P for the photo-definable layers in the examples depicted and discussed with respect to the 

fy drawings is for illustrative purposes, and it will be recognized that the present invention is not so 

1.5=4= 

limited. Accordingly, this description is to be construed as ilhistrative only and is for the 

la- 
purpose of teaching those skilled ui the art the manner of carrying out the invention. It is to be 

15 understood that the forms of the invention herein shown and described are to be taken as 

presently preferred embodiments. Equivalent elements or materials may be substituted for those 

illustrated and described herein, and certain features of the invention may be utilized 

independently of the use of other features, all as would be apparent to one skilled in the art after 

having the benefit of this description of the invention. 
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